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Abstract Repeatedly presenting a non-reinforced stim­
ulus normally retards conditioning to this stimulus 
when it is coupled to a reinforcer. This phenomenon is 
called latent inhibition. Since latent inhibition is 
disturbed after systemic administration of am pheta­
mine, the present study investigated the role of the 
mesolimbic and nigrostriatal dopamine terminal fields 
in latent inhibition using a conditioned taste aversion 
(CTA) paradigm. In this paradigm, a 5% sucrose 
solution was used as the test stimulus and lithium 
chloride (LiCl) as the CTA inducing drug. The degree 
o f CTA was assessed by measuring the sucrose prefer­
ence in a two-bottle sucrose/water choice paradigm 
24 h after the LiCl injection. Since conditioned taste 
aversion has so far not been used to evaluate the 
role of dopamine in latent inhibition, we first studied 
the effects o f systemic application of amphetamine. 
The results show that intraperitoneal injections of 
0.25 or 0.5 mg /leg ¿/-amphetamine sulphate (given at 
preexposure and conditioning) significantly disrupted 
latent inhibition, by selectively reducing sucrose 
preference in the preexposed group. This could not be 
attributed to a reduced sucrose intake during preex­
posure or to a conditioned taste aversion effect of 
am phetam ine itself, In experiment 2 local bilateral 
administration of 10 |xg/0.5 jil amphetamine into the 
nucleus accumbens or the dorsal striatum was given 
in the pre-exposed and the conditioning phase, after 
which the rats were allowed to drink for a fixed period 
o f time. The results show a significant reduction 
in latent inhibition after intrastriatal, but not after 
intra-accumbens injections of amphetamine. Intra- 
accumbens injections o f amphetamine, however, 
significantly reduced fluid intake during preexposure
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and conditioning. In experiment 3, we therefore 
repeated this experiment, bu t allowed the animals to 
drink only a restricted am o u n t o f liquid during preex­
posure and conditioning. Again the results show a dis­
ruption of latent inhibition after intrastriatal, but not 
intra-accumbens injections o f amphetamine. These 
experiments emphasize the importance of the nigro­
striatal dopamine system in the disruption of latent 
inhibition, at least when using the conditioned taste 
aversion paradigm. A possible mechanism by which 
the dorsal striatum  m ight influence latent inhibition is 
discussed.
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Introduction
Schizophrenia is a severe hum an  disorder characterised 
by among others (auditory) hallucinations, delusions 
and thought disorders. A part from these symptoms, 
schizophrenic patients also display a number of 
attentional impairments, which have already been 
described by Bleuler in 1911. It is assumed that the 
underlying neural m echanism s and brain structures 
involved in this im pairm ent are representative for 
the disorder in general (Anscombe 1987; Frith 1992). 
Moreover, these attentional impairments have been 
used to model (aspects) of schizophrenia in animals 
(Ellenbroek and Cools 1990; Feldon and Weiner 
1991, 1992).
One specific animal m odel in which attention 
has been reported to play a crucial role is the 
latent inhibition model. Latent inhibition is a 
phenomenon whereby repeated presentation of a 
stimulus retards subsequent conditioning to this
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stimulus (Lubow 1973). It is hypothesized to be 
based on a learning process no t to attend, to ignore 
or to tune out irrelevant stimuli (M ackintosh 1975; 
Moore and Stickney 1980; Lubow  et al. 1981), although 
other explanations have also been put forward (see 
Lubow 1989; Killcross and Robbins 1993, and 
Discussion). The interest in latent inhibition as a 
model for studying a tten tional im pairm ents in schizo­
phrenic patients gained m om entum  with the study 
o f Baruch and his colleagues (1988), showing that 
acute schizophrenic patients have a diminished latent 
inhibition (cf. G ray et al. 1995). Since a reduction 
in latent inhibition implies an actual improvement in 
performance, this is a rare finding in cognitive 
psychological studies in schizophrenic patients, where 
reductions in perform ance are usually observed. 
It should, however, be remembered that these 
disturbances in latent inhibition were only seen 
transiently in a subgroup o f  patients, suggesting that 
they represent a state ra ther than a tra it m arker for 
schizophrenia.
The study into the neuronal substrate underlying 
latent inhibition has concentrated predom inantly on 
the role of dopam inergic term inal fields. It has been 
repeatedly reported that systemic application of 
amphetamine disrupts latent inhibition in hum ans 
(Gray et al. 1992) as well as in rats (Solomon 
et al, 1981; Weiner et al. 1981; Killcross et al.
1994), using a variety o f different learning paradigms, 
There is, however, m uch m ore controversy regarding 
the individual dopam inergic terminal fields. Thus, 
Solomon and S ta tion  (1982), using a conditioned 
avoidance approach, have reported a reduction in 
latent inhibition after local application o f dopam ine 
into the nucleus accum bens, whereas similar injections 
into the dorsal stria tum  had no effect (cf. Young et al. 
1993). Killcross and  Robbins (1993), however, did 
not find any evidence for the involvement o f the nucleus 
accumbens in latent inhibition, using a conditioned 
suppression paradigm . A lthough Konstandi and 
Kafetzopoulos (1993) ascribed a m ajor role to the 
nigrostriatal dopam inergic projection, their study 
is hampered by large differences in the control 
(non-preexposed) groups, m aking the data difficult to 
interpret.
In order to study fu rther the role o f  the nigrostriatal 
and mesolimbic dopam inergic system in the mediation 
o f latent inhibition, we decided to study the effects 
o f local application o f am phetam ine into the 
nucleus accumbens and the dorsal striatum  in the 
conditioned taste aversion paradigm . Conditioned 
taste aversion has often been used as a simple and 
fast learning paradigm  in latent inhibition studies 
(see Lubow 1989; E llenbroek and Cools 1995), yet 
it has, to our knowledge, no t been used in pharm aco­
logical studies so far. We therefore decided to study 
the effects of systemic application o f am phetam ine 
first.
ixperiment 1: systemic (¿amphetamine
M aterial and m ethods
Subjects
All experiments were performed using male Wistar rats, bom and 
bred at the Central Animal Laboratory in Nijmegen, the 
Netherlands, For the systemic experiments rats weighing between 
220 and 250 g were used. The animals were individually housed in 
a temperature controlled room (23±1°C) with a standard 12-h 
light/dark cycle (lights on 0700 hours) All experiments were done 
in accordance with the UK Animals Act and in agreement with 
institutional guidelines. All animals were used only once.
Procedure
The latent inhibition paradigm consisted of 3 days of preexposure,
1 conditioning day and 1 test day. Twenty-four hours prior to the 
start of the preexposure phase, the water bottles were removed from 
the cages. On the next 3 days, the rats received an inlraperitoneal 
injection of saline or ¿/-amphetamine-sulphate (0,1, 0.25 or
0.5 mg/leg). Immediately after this injection, the animals were given 
free access to a bottle containing a 5% sucrose solution (the pre­
exposed group, PE) or plain water (the non-preexposed group, 
NPE) for 30 min. On day 4, the conditioning day, the animals again 
received ail intraperitoneal injection of amphetamine or water, but 
all animals were given free access to a bottle containing a 5% sucrose 
solution for 30 minutes. Immediately after this period of 30 min all 
animals were given an intraperitoneal injection of 75 mg /kg LiCl 
(10 mg/ml IP), On day 5, the test day, the animals did not receive 
any injection, blit were given free access to a bottle containing a 
5% sucrose solution and a bottle containing water for 30 min.
The bottles were weighed prior to the experiment and immedi­
ately after the 30-min drinking period in order to establish the con­
sumption (transformed to ml consumption). The degree of 
conditioned taste aversion was determined by calculating the per­
centage of sucrose consumption on day 5 relative to the total fluid 
intake on that day. All experiments were conducted between 9:00 
and 11:00 a.m.
Statistics
The effects of amphetamine on overall liquid consumption were 
analysed with a three-way mixed Analysis of Variance (ANOVA) 
with days (1-4) as within subjects factor and condition (preexposed 
versus non-preexposed) and drug (amphetamine versus saline) as 
between subjects factors. The degree of conditioned taste aversion 
(% sucrose consumption of day 5) was analysed with a two-way 
ANOVA with factor condition (precxposed versus non-preexposed) 
and drug (amphetamine versus saline) as between subjects factors.
Results
Figure la. shows the effects o f saline and am phetam ine 
(0.5 m g /k g  IP) on overall liquid consum ption on days 
1-5. For the sake o f  clarity, only the highest dose of 
am phetam ine is shown. The figure clearly indicates that 
liquid consum ption increased over days and that du r­
ing the first 3 days the preexposed groups drank  more 
liquid (sucrose) than the non-preexposed group (water). 
Importantly, however, there was no effect o f  am pheta-
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Fig. 1À, B The effects of systemic application of ¿/-amphetamine 
sulphate on total fluid intake (Á) and sucrose preference (B). 
A + indicates a significant difference between control and ¿/-amphet­
amine as determined by a one-way ANOVA. A ■ Saline (NPE), 
♦  Saline (PE), Á ¿/-amphetamine (NPE), x ¿/-amphetamine (PE). 
B □  Preposed, □  non-preexposed
mine on overall liquid consumption, The three-way 
mixed ANOVA confirmed these observations: there was 
a significant effect o f factor days [ i ^  i76> = 63.21; 
P < 0.001], and of condition [ iu n ó )  = 8.21; P < 0.01], 
but no effect o f drug treatm ent [F(i,i76)= 1-21, NS]. 
N one o f  the two- and three-way interactions was 
significant.
The effects of am phetam ine on sucrose preference 
are seen in Fig. lb. The two-way ANOVA showed a
sequently avoid this novel taste, a phenomenon known 
as conditioned taste aversion. One of the drugs which 
m ost readily induces conditioned taste aversion is LiCl 
(Nachm an and Ashe 1973, see also Fig. 1), Prior pre- 
exposure to the novel taste reduces the conditioned 
taste aversion. Thus p rio r preexposure induces latent
inhibition (Kalat 1974; Gilley and Franchina 1985; 
Lubow 1989). This study shows that systemic applica­
tion of am phetam ine can  reduce the effects of preex­
posure on the subsequent learning of conditioned taste 
aversion. This is in agreem ent with the effects of 
amphetamine on latent inhibition using the condi­
tioned suppression paradigm  (Weiner et al. 1984; 1988; 
Killcross and Robbins 1993), and the conditioned 
avoidance paradigm  (Solom on et al. 1981; Feldoii and 
Weiner 1991). A m phetam ine was, however, without any 
significant effect in an appetitive reinforcing paradigm 
(Killcross et al. 1994). A lthough these data underline 
the hypothesis that am phetam ine disrupts latent inhi­
bition when using a negatively reinforcing paradigm 
(Killcross et al. 1994) two points should be made. First, 
am phetam ine is known to  suppress drinking behaviour 
(Foltin et al, 1983; Shephard 1988; Velazquez-Martinez 
et al. 1995). Since the degree o f  latent inhibition criti­
cally depends on the am ount o f preexposure (Lubow 
1989), amphetamine m ight reduce latent inhibition sim­
ply by reducing the am ount o f  preexposure. However, 
as seen in Fig. la , even at the highest dose tested 
(0.5 m g/kg  IP), am phetam ine did not reduce overall 
intake in either the preexposed or the non-preexposed 
group. Higher doses, however, were found to reduce 
fluid intake (1-2 m g /k g  ¿/-amphetamine, Ellenbroek 
and Cools, unpublished data).
A second feature of am phetam ine which might pos­
sibly confound the above mentioned results is the fact 
that amphetamine itself can induce conditioned taste 
aversion (Miller and Miller 1983; Greenshaw and 
Dourish 1984; Goudie and New ton 1985). Given the 
very strong conditioned taste aversion already observed
significant effect o f  drug [ ^ 1,54) = 4.42, P < 0.05] and with the dose o f LiCl used in the present study, one
of condition [F(i,54) = 22.04, P  < 0.001] as well as a 
significant drug x condition interaction [^(2,54) -  4.61, 
P  < 0.04). Figure lb  clearly shows that amphetamine 
only affected the preexposed groups, and had no effect 
on the non-preexposed groups. Indeed, a one-way 
ANOVA on the preexposed groups shows a significant 
effect of dose o f am phetam ine [F(3,29) -  4.8, P  < 0.008], 
whereas no significant effect was seen in the non-pre- 
exposed groups [ ^ 3,21) -  0.6, NS]. Post hoc Duncan 
test showed significant differences between the preex­
posed groups treated with saline and those treated with
0.25 or 0.5 m g/kg  ¿-am phetam ine sulphate.
Discussion
When the ingestion o f a novel taste is followed by an 
injection o f a illness inducing drug, a subject will sub­
m ight argue that a pseudo-selective effect on the pre­
exposed group after am phetam ine treatment was due 
to a  ceiling (or floor) effect on the non-preexposed 
group. However, an investigation of the liquid con­
sum ption at the second day o f  preexposure (viz. 1 day 
after the first pairing o f  sucrose and amphetamine) 
shows that the animals d rank  more sucrose instead of 
less (Fig. la), indicating that no  conditioned taste aver­
sion was present. Moreover, enhancing the dose of LiCl 
(to 100 m g/kg) led to a reduction in sucrose prefer­
ence, suggesting a floor effect was not yet reached 
(Ellenbroek and Cools, unpublished data).
Taken together, the results o f  this experiment show 
that amphetamine disrupted the latent inhibition effect 
observed in a conditioned taste aversion paradigm, 
which could be attributed neither to a general reduc­
tion in fluid intake, nor to  a possible conditioned taste 
aversion effect of am phetam ine itself
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Experiment 2: intracerebral tf-amphetamine, 
fixed duration of preexposure
M aterial and methods
The injection depth was 10.6 mm for the dorsal striatum and 
12.0 mm for the nucleus accumbens. Immediately after the injec­
tion the rats were returned to their home cages and presented with 
either a bottle containing a 5% sucrose solution or water.
Surgery
Eighty-three Male Wistar rats, weighing between 175-220 g at the 
time of surgery, were anesthetized with sodium pentobarbital 
(Narcovet, 60 mg/kg, IP) and placed in a stereotaxic apparatus. 
Guide cannulae [length: 10 mm (5 mm above skull), o.d.: 0.65 mm,
i.d. : 0.3 mm] were bilaterally implanted in the dorsal striatum (ante­
rior 9.4 mm, lateral 2,5 mm) or the nucleus accumbens (anterior 
9.8 mm, lateral 1.2 mm, height 2.7 mm, with an angle of 10° later­
ally), according to coordinates of the atlas of König and Klippel 
( 1963). The cannulae and two slcull-screws were fixed onto the skull 
with dental cement (Durelon, ESPE; carboxylate cement).
Proced ure
After surgery the rats were allowed to recover for a week with food 
and water available ad libitum. During this week they were han­
dled three times: on Monday they were picked up and placed out­
side their home cage on a towel for 30 s, on Wednesday the identical 
handling procedure was performed and in addition the cannulae 
were opened and closed again, on Friday the rats received a dummy 
injection 0.5 mm above the actual injection site. The following 
Sunday, the water bottles were removed and the latent inhibition 
procedure as described above (experiment 1) was performed. Each 
rat received an intracerebral injection on each day of preexposure 
and on the conditioning day. The injection contained either 
10 jig/0.5 (il ¿/-amphetamine (AMP) or water (i.e. the solvent of 
amphetamine, 0.5 jul per site) by means of a 5 |ll1 Hamilton syringe 
over a period of 10 s. The needle was left in place for an additional 
10 s to prevent spreading of the solution along the needle track.
Histology
At the end of the experiment, all rats were killed using a overdose 
of pentobarbital (Narcovet), and perfused transcardially with a 4% 
formalin solution. The brains were stored in a 4% formalin solu­
tion for at least 3 days after which they were transferred to a 10% 
sucrose solution (1 day). Frozen sections were cut (30 |im), collected 
on glass slides coated with glycerine and stained with cresylviolet 
for determination of the injection sites. Data of rats with misplaced 
cannulae were discarded.
Statistics
The statistical analysis was performed as described above. The 
effects of local injections of amphetamine into the dorsal striatum 
and nucleus accumbens were analysed separately with a three-way 
mixed ANOVA for liquid consumption and a two-way ANOVA 
on the percentage of sucrose consumed.
Results
Figure 2 shows the area where the injections aimed at 
the neostriatum  and the nucleus accumbens were 
located. The effects o f am phetam ine (10 (.tg/0.5 |jJ) or 
saline injected into the nucleus accumbens and the 
neostriatum  are shown in Figs. 3 and 4.
Fig. 2A, B The huldied area 
indicates the region in which 
all injections sites into the 
nucleus accumbens (A) and the 
neostriatum (B) were found
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Fig. 3A, B The effects of intra-accumbens application of ¿/-amphet­
amine sulphate on total fluid intake (A) and sucrose preference (B) 
using the fixed duration of preexposure paradigm (experiment 2), 
See Fig. 1 for explanation
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Fig. 4A, B The effects of intrastriatal application of ¿/-amphetamine 
sulphate on total fluid intake (A) and sucrose preference (B), using 
a fixed duration of preexposure paradigm (experiment 2). A + indi­
cates a significant difference between control and ¿/-amphetamine 
as determined by a one-way ANOVA. See Fig. 1 for explanation
Figure 3a shows that, in agreement with experiment
1, liquid consumption increased over days, and that 
preexposed animals consumed more liquid than 
non-preexposed animals. Moreover, animals receiving 
intra-accumbens injections of amphetamine drank 
significantly less than control animals. These observa­
tions were confirmed by the three- way ANOVA: there 
was a significant effect of the factor days [f(3,i56) = 
8.34, P < 0.001], of factor condition [F(3,i56) ~ 31.12, 
P < 0.001] and of factor drug [¿*(3,156) = 63.27, 
P < 0.001]. There was no drug x condition interaction 
[^(1,156) -  0.61, NS], indicating that amphetamine 
reduced sucrose consumption in the preexposed group 
and water consumption in the non-preexposed group 
to a similar degree. Other two- and three-way interac­
tions were also not significant.
The effect of amphetamine into the nucleus accum­
bens on sucrose preference on day 5 is shown in Fig. 3b. 
There was no significant effect of drug [¿^1,39) = 0.2, 
NS] but a significant effect of condition [F(i,39) = 9.5, 
P < 0.004], No significant drug x condition interaction 
was seen [ ^ 1,39) -  0.3, NS].
Figure 4a shows that, in agreement with the previ­
ous experiments, liquid consumption increased over 
days. However, there was no difference in overall liq­
uid consumption between preexposed and non-preex­
posed animals. Moreover, there was 110 difference in 
liquid consumption between amphetamine treated and 
control animals. The thi*ee- way ANOVA showed a 
significant effect of factor day [ffa, 144) = 22.9, 
P < 0.001], but neither of factor condition [F( 1,144) = 
0.37, NS] nor of factor drug 1,144) = 1.89, NS]. The 
drug x condition interaction was not significant 
[F( 1J 44) = 1.61, NS]. Likewise, none of the other two- 
01* three-way interactions was significant.
The effect of amphetamine administration into the 
neostriatum on sucrose preference on day 5 is shown 
in Fig. 4b. There was no significant effect of drug 
[-^ (1,36) -  0*2, NS] but a significant effect of condition 
[-^ (1,36) = 13.2, P <  0.001] as well as a significant 
drugxcondition interaction [^(1,36) “  4.42, P < 0.05]. A 
one- way ANOVA 011 the preexposed group showed a 
significant drug effect [¿^us) = 4.96, P < 0.05]. The 
one-way ANOVA on the non-preexposed goup showed 
no significant drug effect [F(U8) = 0.9, NS].
Discussion
Before discussing the effects of intracerebral adminis­
tration of amphetamine, it is important to realise that 
the results of the intracerebral control experiments 
(Figs. 3b and 4b) are highly comparable to the results 
of the systemic control experiments (Fig. lb). This 
implies that neither the stereotactic implantation 
of cannulae nor the intracerebral injections of water 
had any large effect 011 the outcome of the present 
experiments. This is in agreement with a large number
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of studies done in our laboratory as well as in 
others.
Within this paradigm, the sucrose preference o f  the 
preexposed group was significantly reduced after 
amphetamine injections into the neostriatum  (Fig. 4b), 
but not after such injections into the nucleus accum ­
bens (Fig. 3b). This suggests that the disruption in 
latent inhibition seen after the systemic adm instration 
of amphetamine (Fig. 1) is m ost likely due to its effect 
in the neostriatum. However, this finding needs to be 
regarded with some reserve, since am phetam ine adm in­
istration into the nucleus accumbens significantly 
reduced liquid consumption. In fact, am phetam ine 
administration into the nucleus accumbens reduced the 
intake in both the preexposed and  non-preexposed 
group. The role o f the nucleus accumbens in the 
amphetamine-induced adipsia has been the subject of 
some debate. Carr and White (1986) found, in agree­
ment with our results, that local application of am phet­
amine into the nucleus accumbens, but not into the 
striatum decreased water intake. Kelley and her col­
leagues, on the other hand, found no effect of intra- 
accumbens amphetamine on water intake (Kelley et a l  
1989). A possible explanation for these differences may 
be the level of deprivation. In the present experiments 
and those of Carr and White (1986) animals were water 
deprived, whereas in the study o f Kelley et al.
(1989), the animals were m aintained on an ad libitum
schedule.
Irrespective of this possible explanation, the adipsic 
effects of intra-accumbens am phetam ine seen in the 
present experiment indicates that this group has a 
significantly reduced preexposure than  the control 
rats. Moreover, they received less sucrose during con­
ditioning than the control rats (see Fig. 3a). Since 
the extent of preexposure is known to affect latent 
inhibition (Albert and Ayres 1989; Ayres et al. 1992; 
De la Casa et al. 1993a), the determ ination o f latent 
inhibition in the present experiment could be con­
founded by the amphetamine induced reduction in the 
amount of preexposure. In order properly to assess the 
role of the nucleus accumbens in latent inhibition, an 
additional experiment was performed in which the liq­
uid intake during preexposure and conditioning was 
restricted.
Procedure
The handling and conditioned taste aversion procedure was simi­
lar to the experiments described above, apart from one modification: 
during the 3 days of preexposure and during the conditioning day, 
rats were not allowed to drink freely for 30 min, but had to drink 
a fixed volume of sucrose or water (7 ± 0.4 ml). In the test phase 
(where the animals were drug free) the rats were given free access 
to a bottle with 5% sucrose and a bottle with water for 30 min (each 
bottle contained 50 ml). As in experiment 2, rats received either 
water or ¿/-amphetamine sulphate (10 |¿g/0.5 jllI) into the neostria­
tum or the nucleus accumbens immediately prior to each day of 
preexposure or conditioning.
Histology and statistics
The histological verification was identical to that described in exper­
iment 2 . Since the liquid consumption was restricted during preex­
posure and conditioning, only the total liquid consumption and the 
percentage of sucrose consumed during the test day were analysed. 
In both cases a two-way ANOVA (with factors drug and condi­
tion) for the dorsal striatum and the nucleus accumbens were per­
formed separately.
Results
Experiment 3: intracerebrai ¿amphetamine,
fixed drinking volume
The histological verification showed that the injection 
sites were in the same area as found in experim ent 2 
(see Fig. 2).
Overall liquid consum ption on the final test day was 
not significantly reduced by am phetam ine application 
to the nucleus accumbens [water: 14.3 ±  0,6 ml; 
amphetamine: 13.2 ± 0.5 ml; -F(j,4i) = 1.62, NS] or the 
neostriatum  [water: 16.5 ± 0 .5 ;  am phetam ine: 
14.8 ± 0.9 ml; F(ii43) = 2,64, NS].
The results of the sucrose preference o f  intra-accum - 
bens treated animals are displayed in Fig. 5a. There 
was a significant effect o f  the factor condition 
[jp(i,4i) = 4.3, P < 0 .0 5 ] .  N either the factor drug 
[^(1,41) = 0.3, NS], nor the drug x  condition interaction 
[^(1,41) -  0.9, NS] was significant, however.
The results of the sucrose preference of in trastriatal 
treated animals are displayed in Fig. 5b. There was a 
significant effect o f  the factor condition [F(i,43j = 6.7, 
P  < 0.01] bu t not o f  the factor drug [^(1,43) = 2.64, NS]. 
There was, however, a significant drug x condition 
interaction [F(i,43) = 3,9, P  < 0.05]. One- way ANOVA 
on the effects of intrastriatal application o f am pheta­
mine showed a significant reduction in sucrose prefer­
ence in the preexposed [F(\¿i) -  6.0, P  < 0.02] but not 
in the non-preexposed group [^(1,21) =  0.8, NS].
Material and methods
Surgery and apparatus
Ninety-two Male Wistar rats (Central Animal Laboratory, 
Nijmegen, The Netherlands), weighing between 175 and 220 g at 
the time of surgery, were used. The operation was identical to that 
described in experiment 1 ,
Discussion
The modification in the experimental design led to a 
comparable liquid intake in all groups. This intake 
(around 7 ml) was significantly smaller than  that seen 
in experiment 2 (see Figs. 3 and  4). This may explain
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Fig. 5A, B The effects of intra-accumbens (A) and intrastriatal (B) 
application of ¿/-amphetamine on sucrose preference using the fixed 
drinking volume paradigm (experiment 3). A + indicates a 
significant difference between control and ¿'/-amphetamine as deter­
mined by a one-way ANOVA. See Fig. I for explanation
the smaller sucrose preference in the control preexposed 
group of experiment 3 (Fig. 5) compared to experiment
2 (Figs. 3 and 4).
In spite o f the overall smaller latent inhibition phe­
nom enon in experiment 3, the effects o f local applica­
tion of am phetam ine into the nucleus accumbens and 
the neostriatum were comparable to experiment 2: 
intrastriatal, but not intra-accumbens, amphetamine 
reduced the effects o f preexposure. A lthough the intra- 
accumbens injections o f  am phetam ine reduced the 
difference between the preexposed and the non-preex­
posed (see Fig. 5a) this appeared to be due to an effect 
in the non-preexposed rather than  in the preexposed 
group (although bo th  effects failed to reach 
significance). In other words, intra-accumbens injec­
tions o f am phetam ine seemed to counteract the LiCl- 
induced conditioned taste aversion. However, more 
experiments are necessary to substantiate this claim.
General discussion
The overall results o f the present experiments indicate 
that am phetam ine adm inistration into the dorsal stria­
tum  but not into the nucleus accumbens, impaired 
latent inhibition, bo th  after drinking for a fixed period 
and after drinking a fixed volume. As discussed in the 
Introduction, the role o f  the difference dopaminergic
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terminal areas in latent inhibition is much debated. 
Although several authors have proposed an important 
role for the mesolimbic dopaminergic system (Joseph
1995), only two studies have so far investigated the 
effects of local application o f  amphetamine into the 
nucleus accumbens. Solom on and Station (1982) have 
found a reduction in latent inhibition using a condi­
tioned avoidance response paradigm, whereas Killcross 
and Robbins (1993) have found no disruptive effect 
using a conditioned suppression paradigm. Our data 
seem to be in agreement with this latter finding. 
Moreover, the data present evidence in favour o f the 
suggestion made by Killcross and Robbins (1993) that 
the dorsal striatum rather than  the nucleus accumbens 
is more involved in the effects o f  amphetamine in latent 
inhibition.
A lthough the present results indicate an involvement 
of the dorsal striatum in latent inhibition, the mecha­
nism behind the disruptive effects of amphetamine on 
latent inhibition remains unclear. It would be beyond 
the scope o f this paper to discuss all relevant theories 
on latent inhibition (see Lubow 1989, for an overview 
of most o f the theories up to 1989). One of the theo­
ries which might be able to explain much of the phar­
macological data obtained sofar is the so-called 
retrieval failure view of latent inhibition (Boulton 1991 ; 
Kraemer et al. 1991). This theory states that latent inhi­
bition is due to a com petition between CS-nothing 
learning (during preexposure) and CS-reinforcer learn­
ing (during conditioning). If amphetamine would be 
able to change this com petition, making the CS-rein­
forcer memory better able to compete with the CS- 
nothing memory, a selective effect of amphetamine on 
the preexposed group could be explained. This theory 
could reconcile the data o f  Killcross et al. (1994), who 
found that the effects of am phetam ine depended on the 
strength of conditioning and the effects of DeLaCasa 
et al. (1993b), who found tha t the effects of am pheta­
mine depended on the duration of preexposure. 
Reducing the strength o f  conditioning would shift the 
balance towards CS-nothing memory, thereby reduc­
ing the disruptive effects o f amphetamine. Likewise, 
enhancing the strength o f  preexposure would also shift 
the balance towards CS-nothing memory and also 
reduce the effects of amphetamine.
The question remains how amphetamine changes this 
competition. In fact, there appear to be (at least) three 
possibilities: (1) am phetam ine reduces the CS-nothing 
memory, (2) am phetam ine enhances the CS-reinforcer 
memory, (3) am phetam ine affects the competition by 
altering behavioural switching. Figures 2 and 3 show 
that amphetamine affects latent inhibition by stimulat­
ing dopam ine release in the dorsal striatum. Since there 
appears to be no evidence o f  an amnesic effect of 
dopamine in the dorsal striatum, explanation 1 seems 
highly unlikely. There is, however, evidence for a m em­
ory enhancing effect of intrastriatal dopamine (espe­
cially stimulus-reinforcer memory: White 1988;
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Packard and White 1991; Packard et al. 1994), which 
would be supportive of possibility (2). However, if 
amphetamine would enhance the effects o f CS-rein­
forcer memory than a reduction in sucrose consum p­
tion in non-preexposed rats should also be observed. 
This was not observed in the present experiments* In 
fact there appeared to be a (small) tendency for an 
increase in sucrose intake in the non-preexposed group 
(see Fig. 4B). Moreover, as already discussed above 
(experiment 1) enhancing the dose of LiCl (to 
100 m g/kg IP) further decreased the sucrose con­
sumption to less than 10% (Ellenbroek and Cools, 
unpublished data), indicating that a floor effect was not 
yet reached.
The (possible) role of behavioural switching during 
latent inhibition has already been discussed by Weiner
(1990). In fact after the conditioning phase the animal 
is confronted with a conflicting situation: in the pre­
exposure phase drinking sucrose is w ithout conse­
quence; however, after the conditioning phase sucrose 
drinking is associated with discomfort. It has been 
demonstrated that both the dorsal striatum and the 
nucleus accumbens are im portant in changing ongoing 
behaviour (Van den Berciceli and  Cools 1982; Van den 
Bos and Cools 1989), In fact, whereas an increased 
dopamine activity of the dorsal striatum has been 
shown to improve the ability to switch arbitrarily 
(Cools 1980), an increased dopaminergic activity o f  the 
nucleus accumbens has been shown to improve switch­
ing with the help of external stimuli (Van den Bos and 
Cools 1989). In the presently used conditioned taste 
aversion paradigm the hedonic value of sucrose is used 
as a stimulus, suggesting tha t the shift is primarily 
determined by interoceptive rather than exteroceptive 
(lights or tones) stimuli. Thus, at the end o f the pre­
exposure phase the preexposed rats have learned the 
hedonic value of sucrose and their strategy was to drink 
sucrose. However, in the conditioning phase the ani­
mals learn that sucrose induces discomfort. Now, the 
appropriate strategy is to avoid sucrose. Apparently, 
during control conditions the first learned strategy 
dominates, and thus the coupling US-CS in the test- 
phase is expressed to a lesser extent, resulting in latent 
inhibition. After amphetamine adm inistration into the 
dorsal striatum, which indirectly enhances the 
dopaminergic activity, the ability to switch arbitrarily 
(from the first to the second strategy) is increased, 
which makes it easier to release the first behavioural 
strategy, and thus results in a better expression o f the 
coupling US-CS, leading to a reduced latent inhibition.
If it is indeed true that latent inhibition, as measured 
with different learning paradigms, is mediated via 
different neuronal substrates, this has far reaching con­
sequences for the usefullness of latent inhibition as an 
animal model for (aspects of) schizophrenia 
(Ellenbroek and Cools 1990; Feldon and Weiner 1991). 
This is further underlined by conflicting data regard­
ing the effects of amphetamine in hum ans and rats.
Whereas a disruptive effect was found in a hum an 
experiment using a positive reinforcer (Gray et al. 1992) 
only a very weak (nonsignificant) effect was seen in the 
study o f  Killcross et al. (1994) using a positively rein­
forcing paradigm  in rats and a very high (1.5 m g/kg) 
dose o f  amphetamine. Interestingly, conditioned taste 
aversion can also be m easured in hum ans (C annon 
et al. 1983), suggesting it may provide an interesting 
alternative. In addition, taken the above m entioned role 
of the dorsal striatum in switching in consideration, 
schizophrenic patients could show a disturbed latent 
inhibition, because of their enhanced internal switch­
ing ability, due to an increased dopam inergic trans­
mission of the nigrostriatal system. This might be 
investigated using similar tests in schizophrenic patients 
as have been used to study cognitive switching in 
Parkinson patients (see Cools et al. 1993).
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